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Abstract 
Ochratoxin A (OTA), a mycotoxin which occurs naturally in a variety of crops (e.g. cereals, grapes), can contaminate 
feedstock and beverages derived from these crops (e.g. wine and beer) [1]. OTA detection is critical for food safety 
since exposure through consumption is related to potential health risks, namely cancer [2]. Food and beverages 
commercialized in Europe must follow the European Commission regulations for the amount of OTA allowed. 
In this work, OTA detection was developed and performed based on indirect competitive enzyme linked 
immunosorbent assays (icELISA) perfomed inside polydimethylsiloxane microchannels. The microfluidic icELISA is 
integrated with hydrogenated amorphous silicon photodiodes microfabricated on a glass substrate for a fast, reliable, 
and portable OTA detection and quantification system. 
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1. Introduction 
Ochratoxin A (OTA) is a food and beverage contaminant produced by naturally occurring fungi. OTA 
is potentially carcinogenic and can cause immunosuppression and immunotoxicity in animals. The 
European Union has established limitations to the concentration of OTA in commercialized goods (e.g. 2 
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ȝJKg LQ ZLQH  ȝJKg in unprocessed cereals, 10 ȝJKg in dried vine fruits) [3]. Therefore, OTA 
screening in agricultural and beverage industries is required. The current detection systems used are 
mainly chromatographic techniques such as thin-layer chromatography (TLC) which need specialized 
personnel, are bulky and are time and reagent consuming. There is a need for the development of more 
user friendly, cost effective and sensitive detection systems that can be used on-site. Enzyme-linked 
immunosorbent assays (ELISA) could potentially be used as part of a lab-on-chip (LoC) detection system. 
ELISA strategies rely on the use of antibodies that recognize OTA with high specificity and affinity.  
ELISA biosensors on surfaces involve a series of steps that include molecule adsorption, surface 
blocking, immunodetection and enzymatic reaction. Indirect competitive ELISA (icELISA) is one of the 
possibilities for OTA detection and relies on the competition between the target OTA and surface 
immobilized OTA to bind to the anti-OTA antibody. The indirect competition comes from the fact that the 
binding of control OTA molecules (immobilized on a surface at a fixed concentration) and the binding of 
target OTA molecules (present in the sample with unknown concentration) to the antibody occur in 
separated events. The miniaturization of ELISA using microfluidic technologies has the potential to create 
portable, point-of-care biosensor devices with fast response times. The most common technology used to 
fabricate microfluidic devices uses polydimethylsiloxane (PDMS), a transparent, biocompatible elastomer 
which allows for channel inspection and optical signal acquisition. PDMS-based microfluidic ELISA 
models with integrated optical detection have been previously described [2]. In these reports, the 
immunoassay conditions and the optical detection of the molecular recognition reaction were optimized, 
using both chemiluminescence and colorimetry, by integrating the PDMS microchannels with 
microfabricated 200 × 200 ȝm2 hydrogenated amorphous silicon (a-Si:H) photodiodes on a glass 
substrate. The microfluidic ELISA model developed can be applied to immunoassays for detecting 
analytes of clinical, biotechnological and agricultural relevance. 
Based on the model ELISA described above, an immunoassay protocol was developed in PDMS 
microfluidics for OTA detection using icELISA (Fig. 1). This assay consists of the immobilization of 
BSA molecules labeled with OTA on the inner surfaces of a PDMS microchannel. Subsequently, a 
mixture of anti-OTA IgG antibody and free OTA is flowed inside the microchannel. Free OTA competes 
with the immobilized OTA to bind with the antibody, so higher concentrations of free OTA should result 
in fewer antibodies binding to the surface immobilized OTA. Then, a secondary antibody labeled with the 
enzyme horseradish peroxidase (HRP) and specific to the anti-OTA antibody is flowed inside the 
microchannel. Detection of the HRP is made by flowing luminol (resulting in blue light generation - 
chemiluminescence) or TMB (resulting in the production of a red light absorbing compound - 
colorimetry). Although several icELISA strategies for OTA detection have been described in the literature 
[1], to the best of our knowledge, none has provided a simple solution for in-field screening of OTA. This 
work presents a concept for a fully integrated portable LoC (Fig. 2) device for fast, reliable and low-cost 
OTA detection for food safety and process monitoring applications. 
2. Experimental methods 
2.1. Microchannel fabrication 
Straight PDMS PLFURFKDQQHOVȝPZLGeȝPKLJKDQGPPORQJZHUHIDEULFDWHGE\using 
soft lithography [2]. A negative mold is fabricated in SU-  ȝP WKLFN GHSRVLWHG RQ VLOLFRQ E\
exposure to UV light through a physical mask. Then, a mixture of 1:10 (w/w) of curing agent and base 
PDMS is poured into the mold and allowed to cure at 60 ºC for K$ȝPthick PDMS sheet is used 
for the microchannel sealing. The PDMS surfaces are activated via a corona discharge and then brought 
into contact and allowed to bond irreversibly.  
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Fig.1: icELISA schematics. The anti-OTA antibody binds the free target OTA in solution. The remaining free anti-OTA antibodies 
can bind the OTA immobilized in the surface. Since the anti-OTA concentration is fixed in all assays, the number of anti-OTA that 
binds the surface OTA decreases for solutions with higher free OTA concentration, resulting in lowered chemiluminescent signals. 
2.2. Microfluidic indirect competitive ELISA and chemiluminescence detection 
The following reagents were used: OTA-BSA and anti-rabbit IgG-HRP conjugates (Sigma); rabbit 
anti-OTA (ImmuneChem); luminol (Pierce). All dilutions were performed using PBS pH 7.4. A syringe 
pump (NE-300, New Era Syringe Pumps) was used to inject solutions inside the microchannels. All 
washing steps were performed by flowing a PBS solution for 3 min. Washing and luminol flow steps 
ZHUHSHUIRUPHGDWDIORZRIȝ/PLQ$OORWKHUDVVD\VWHSVZHUHSHUIRUPHGDWȝ/PLQ 
The icELISA starts by flowing OTA-%6$ȝJP/LQVLGHWKHPLFURFKDQQHOfor 10 min and then 
ZDVKLQJ7KHQDȝJP/mixture of anti-OTA and the sample to be measured (either a concentration of 
free OTA or a complex matrix such as wine) was flowed inside the microchannel for 15 min and washed. 
)LQDOO\DȝJP/DQWL-rabbit IgG-HRP solution was flowed for 10 min and washed. The injection of 
luminol produced the chemiluminescence that was then detected. An optical microscope (LEICA 
DFC300FX) was used to acquire optical micrographs of the microfluidic icELISA. The PDMS 
microchannels were aligned with the a-Si:H photodiode chips using a stereoscope (Nikon 75119). The 
photocurrent of the a-Si:H detector was acquired with a picoammeter (Keithley 237). 
 
 
 
 
 
 
 
 
 
 
(a)            (b) 
Fig. 2: (a) Integration of the PDMS microfluidic chip with the a-Si:H photodiodes; (b) Schematic of the experimental integrated 
detection setup.  
2.3. Thin film hydrogenated amorphous silicon photodiode fabrication 
The photodiodes were microfabricated on a glass substrate (AF45, Schott) [2]. The bottom contacts 
were made by aluminum deposition and defined via lithography and aluminum wet etch. The a-Si:H p-i-n 
stack was then deposited by plasma enhanced chemical vapor deposition (PECVD) at 250 ºC at a power 
density of 50 mW/cm2 and a deposition pressure of 0.1 Torr. The photodiode mesa was defined by 
lithography and reactive ion etching (RIE). Silicon nitride was deposited to protect the photodiode side 
walls and a via access to the top electrode was opened by lift-off. Indium thin oxide (ITO) was used as 
top contact and defined by lift-off. Aluminum was deposited and top contact lines were defined by lift-
off. Finally, a silicon nitride passivation layer was deposited to protect the chip from damage during use. 
Pads were opened via RIE and the photodiode chips were wirebonded to a PCB.  
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3. Results and discussion 
The microfluidic chemiluminescence icELISA parameters were first optimized using optical 
microscopy. The microfluidic icELISA was then integrated with a-Si:H photodiodes for detection and 
quantification of the chemiluminescence signal (Fig. 2). Fig. 3 (a) shows the increase in current resulting 
from the excitation of the HRP chemiluminescence during luminol flow. Fig. 3 (b) shows a decrease in 
the signal intensity as a function of the concentration of free OTA in solution (solid circles), as discussed 
above. icELISA was also tested using white wine (pH 3.36) as a complex matrix model (open red circles). 
The anti-OTA antibodies were diluted directly in the wine. The samples were also spiked with free OTA 
at different concentrations. Although the negative signal is still high, the results in Fig. 3 (b) show that it 
was possible to unambiguously detect OTA concentrations down to 0.5 ng/mL in pure solutions and 1 
ng/mL in white wine without any sample pre-treatment. This indicates that the detection strategy is robust 
and promising as a portable, low cost and sensitive OTA detection system. In order to increase the 
portability of the system a compact box containing the electronics for data acquisition and USB interface 
as well as an integrated fluidic pumping system is currently being developed and tested. 
 
 
 
 
 
 
 
 
 
 
(a)            (b) 
Fig. 3: (a) Integrated detection of chemiluminescence. An increase in the photodiode current reveals the presence of HRP. The insert 
corresponds to a micrograph of the chemiluminescence ELISA inside the PDMS microchannel; (b) icELISA integrated detection 
(see text for details). Photocurrent as a function of the OTA concentration in solution. 
 
OTA detection in white wine has been demonstrated using a miniaturized ELISA in a microfluidic 
system with on-chip optical detection. Future work will consist on improving sensitivity, testing of 
different samples beer and cereal extract, and on developing an assay with self-calibration features. 
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